A NAL CANAL CARCINOMA IS AN uncommon malignancy in the United States. Among 1 437 180 new cancer diagnoses projected for the year 2008, approximately 5070 will be new cases of anal canal carcinoma.
tumor and in the lymph node(s) prior to administration of chemoradiation could potentially be quite effective. For the current study, it was hypothesized that disease-free survival might be improved byadministeringactiveinductionchemotherapy(thatwoulddown-stageordownsize cancer) prior to concurrent chemoradiation.
Previous randomized phase 3 trials have established that concurrent chemoradiation with fluorouracil and mitomycin is superior to radiotherapy alone. 15, 16 A prior US phase 3 randomized trial (Radiation Therapy Oncology Group [RTOG]/Eastern Cooperative Oncology Group [ECOG]) had demonstrated significant improvement in local control and colostomy-free survival with the addition of mitomycin to concurrent fluorouracil plus radiotherapy 16 and established the use of concurrent fluorouracil-mitomycin plus radiation as the standard primary therapy of local or local-regional anal canal carcinoma. An updated analysis of this trial showed that the 5-year disease-free survival rate after treatment with concurrent fluorouracil-mitomycin plus radiation was approximately 63%. 17 This 63% disease-free survival rate served as the benchmark for the US Gastrointestinal Intergroup RTOG 98-11 trial.
At conception of the Intergroup RTOG 98-11 trial, there was considerable interest in cisplatin as a radiation sensitizer for anal canal carcinoma. [18] [19] [20] [21] In addition, 2 studies had piloted the use of induction fluorouracil and cisplatin in patients with anal canal carcinoma with encouraging results. 22, 23 The Intergroup RTOG 98-11 trial was a comparison between (1) fluorouracil plus cisplatin induction chemotherapy followed by the same chemotherapy and concurrent radiation (experimental group) and (2) fluorouracil plus mitomycin and concurrent radiation (control group). Diseasefree survival was the primary end point.
METHODS

Organization
TheUSGastrointestinalIntergroupRTOG 98-11 trial was coordinated by the RTOG, with participation by the ECOG, Cancer and Leukemia Group B, North Central Cancer Treatment Group, and Southwest Oncology Group.
Hypothesis and Objectives
We hypothesized that induction chemotherapy with fluorouracil and cisplatin would reduce the volume of the primary tumor and that the ensuing concurrent chemoradiation (experimental group) would be more effective for local control and colostomy-free survival compared with traditional up-front concurrent chemoradiation with fluorouracil-mitomycin (control group). The primary objective of this study was to observe an increase in the 5-year diseasefree survival rate from 63% to 73%. The major secondary objectives were to detect a 5% or greater difference in the 2-year colostomy rate and to detect a 12% or greater difference in nonhematologic grade 3 or 4 toxic effects.
Patient Eligibility
The protocol was approved by the institutional review board of each participating institution, and all participants provided written informed consent. All patients with histologically documented squamous, basaloid, or cloacogenic carcinoma of the anal canal were eligible if they were at least 18 years of age, had a Karnofsky performance score of at least 60%, had category T2 to T4 tumors (T2=diameter of the primary cancer Ͼ2 cm but Ͻ5 cm; T3 =Ͼ5 cm; and T4=invading adjacent organs) with any N category (pelvic or inguinal defined by clinical examination, biopsy, or imaging studies), had adequate organ function, and were willing to provide written consent.
Patients were excluded if they had a T1 or M1 tumor, severe comorbid conditions (including AIDS), or major malignancy (unless successfully treated and disease-free for at least 5 years).
Evaluation
Prior to any therapy, patients had proctoscopy or sigmoidoscopy, chest radiography, and computed tomography or magnetic resonance imaging of the abdomen/pelvis to establish the stage of disease. In addition, blood and serum chemistry evaluations were performed to determine the adequacy of hepatic, renal, and bone marrow functions. Eight weeks after therapy, patients underwent reevaluation similar to baseline except that a full-thickness biopsy was optional. Local-regional treatment failure was defined as histologically documented persistent or recurring cancer in the treated radiation field. Patients were followed up every 3 months for 1 year, every 6 months for the second year, then yearly. All patients received a minimum dose of 45 Gy in 25 fractions of 1.8 Gy over 5 weeks to the primary cancer with supervoltage radiation (photon energy of Ͼ6 mV) using anteroposteriorposteroanterior (AP-PA) or multifield techniques. Initial radiation fields were to include the pelvis, anus, perineum, and inguinal nodes, with the superior field border at L5-S1 and the inferior border to include the anus with a minimum margin of 2.5 cm around the anus and tumor. The lateral border of AP fields was to include the lateral inguinal nodes as determined from bony landmarks or imaging (lymphangiogram, computed tomography), but lateral inguinal nodes were not routinely included in the PA fields to allow adequate sparing of the femoral heads. After a dose of 30.6 Gy in 17 fractions, the superior field extent was reduced to the bottom of the sacroiliac joints and an additional 14.4 Gy was given in 8 fractions (total dose of 45 Gy in 25 fractions/5 weeks), with additional field reduction off node-negative inguinal nodes after 36 Gy. For patients treated with an AP-PA rather than 4-field technique, an anterior electron boost (matched to the PA exit field) was used to bring the lateral inguinal region to the minimum dose of 30.6 Gy.
For patients with T3, T4, nodepositive disease or patients with T2 residual disease after 45 Gy, the intent was to deliver an additional boost of 10 to 14 Gy in 2-Gy fractions (total dose of 55-59 Gy in 30-32 fractions over 5.5-6.5 weeks). The target volume for boost field 2 was the original primary tumor volume/node plus a 2-to 2.5-cm margin. Treatment field options included a multifield photon approach (AP-PA plus paired laterals, PA ϩ laterals, or other) or a direct perineal boost with electrons or photons with the patient in lithotomy position. Acute toxic effects were recorded according to the National Cancer Institute's Common Toxicity Criteria version 2.0 25 and longterm toxic effects according to the RTOG/European Organization for Research and Treatment of Cancer morbidity scoring system. 26 Temporary suspension of chemoradiation was allowed for grade 3 or 4 neutropenia until recovery to grade 2 or lower.
Statistical Analyses
It was assumed that the mitomycinbased group had a disease-free survival hazard rate of 0.0917 (meaning 5-year disease-free survival of 63%). The study was designed to detect a 33% reduction in hazard for the cisplatinbased group, corresponding to a 5-year disease-free survival of 73% and a hazard ratio (HR) of 1.49, with 80% power, a 2-sided ␣ level of .05, and exponential distribution for survival rates. Adapting the group sequential design 27 with 2 planned interim analyses and a final analysis, 215 events (persistent tumor, local or regional relapse, or colostomy) were required. The O'Brien-Fleming boundary shape, determined using EaST software, 28 was used for the early stopping rules. We further assumed a constant accrual rate for 5 years and a 3-year follow-up period. The total sample size needed was 650.
Patients were analyzed based on the treatment group to which they were randomized, and patients who were determined to be ineligible, withdrew consent, or had inadequate data were excluded. Pretreatment characteristics between the treatment groups were compared using Kruskal-Wallis and 2 tests. z Tests were used to test for differences in binomial proportions of grade 3 or higher toxic effects (worst overall, worst nonhematologic, and worst hematologic). Treatment failure was defined for the efficacy end points as follows: for overall survival, death due to any cause; for disease-free survival, local, regional, or distant failure, second primary tumor, or death due to any cause; for local-regional treatment failure, local or regional relapse, progression, or persistence; for distant metastases, appearance of distant metastases; and for colostomy, having a colostomy. All efficacy end points were measured from date of randomization to date of first treatment failure for the given end point or date of last follow-up for patients in whom a given end point did not result in treatment failure. Overall survival and disease-free survival were estimated univariately with the Kaplan-Meier method, 29 and treatment groups were compared using the log-rank test. 30 Time to local-regional treatment failure, distant metastases, and colostomy were estimated by the cumulative incidence method, 31 and treatment groups were compared using the Gray test. 32 All reported P values are 2-sided, with a statistical significance level of PϽ.05. Multivariate analyses were performed with Cox proportional hazard models to test 
RESULTS
Patient Characteristics
The study accrued 682 patients from October 31, 1998, to June 27, 2005. All analyses are based on data as of October 2006. There were 23 ineligible patients (3%) and 15 patients who withdrew consent or had inadequate data (2%) (FIGURE 1) . Pretreatment characteristics of 644 patients are shown in TABLE 1. Sixty-nine percent of patients were women, 27% had tumors larger than 5 cm in diameter, 35% had T3 or T4 lesions, and 26% had clinically positive nodes. The groups were well-balanced with respect to the pretreatment characteristics, with the exception that there were more cases with a cancer located in the perianal skin and anal canal in the cisplatin-based group (P=.045).
Disease-Free Survival
Median follow-up time for all patients was 2.51 years (range, 0.05-7.41 years). At the time of the second interim analysis (summer 2005), 162 events had occurred and the results crossed the futility boundary, indicating that even with the additional specified number of events, the data would not show a statistically significant difference in disease-free survival between the 2 groups. The data monitoring committee therefore recommended reporting study results. The 3-and 5-year estimated diseasefree survival rates were 67% (95% confidence interval [CI], 62%-72%) and 60% (95% CI, 53%-67%), respectively, in the mitomycin-based group and 61% (95% CI, 55%-66%) and 54% (95% CI, 46%-60%), respectively, in the cisplatinbased group (P = .17; FIGURE 2). In a multivariate analysis, male sex (P=.02), clinically positive nodes (PϽ.001), and tumor size greater than 5 cm (P=.004) were independent prognosticators for worse disease-free survival. Type of treatment was not a prognosticator for Overall survival was not significantly different between the 2 treatment groups (2-sided log-rank P = .10; FIGURE 3). The 3-and 5-year overall survival rates were 84% (95% CI, 78%-88%) and 75% (95% CI, 67%-81%), respectively, in the mitomycin-based group and 76% (95% CI, 70%-81%) and 70% (95% CI, 63%-76%), respectively, in the cisplatin-based group. There were more study cancer-related deaths in the cisplatin-based group (54 patients) compared with the mitomycin-based group (28 patients). In a multivariate analysis, male sex (P=.02), clinically positive nodes (PϽ.001), and tumor size greater than 5 cm (P=.01) independently prognosticated for poor overall survival, but type of treatment did not (HR, 1.28; 95% CI, 0.90-1.84; P = .17). There were nonstatistically significant results for time to local-regional treatment failure (HR, 1.32; 95% CI, 0.98-1.78; P = .07) and distant metastases (HR, 1.38; 95% CI, 0.90-2.10; P =.14). There was a statistically significant difference in colostomy rates, with 3-and 5-year cumulative rates of 10% (95% CI, 6%-14%) at both 3 and 5 years in the mitomycinbased group and 16% (95% CI, 12%-20%) and 19% (95% CI, 13%-24%), respectively, in the cisplatin-based group (HR, 1.68; 95% CI, 1.07-2.65; P=.02; Figure 3 ).
Sites of Treatment Failure
The percentages of patients alive without treatment failure at the end of follow-up were 68% and 60% in the mitomycin-and cisplatin-based groups, respectively. Sites of first treatment failure were similar for local (mitomycin-based group, 13% [95% The 5-year local-regional recurrence and distant metastasis rates were 25% (95% CI, 20%-30%) and 15% (95% CI, 10%-20%), respectively, for mitomycin-based treatment and 33% (95% CI, 27%-40%) and 19% (95% CI, 14%-24%), respectively, for cisplatin-based treatment.
Adherence
Radiotherapy adherence (per protocol and acceptable variation [only minimum variation in the radiation dose or field]) was 91% in the mitomycinbased group and 88% in the cisplatinbased group. Chemotherapy adherence (per protocol and acceptable variation [only minimum variation in the drug dose, omission of chemotherapy, or nonspecified delay in chemotherapy]) was 95% in the mitomycin-based group and 94% in the cisplatin-based group. The mean and median radiation doses were 55 Gy (range, 9-69 Gy; interquartile range, 45.9-59 Gy) and 55 Gy (range, 14.4-70.2 Gy; interquartile range, 45-59 Gy), respectively, in the mitomycin-based and cisplatin-based groups.
Toxic Effects
The acute and long-term toxic effects are listed in TABLE 2 and TABLE 3 . The "worst" toxic effects data represent the sums of patients with highest grades of 1 through 4 in each toxic effects category (hematologic, nonhematologic, and overall). The rate of acute nonhematologic grade 3 or 4 toxicity was 74% in both the mitomycin-and cisplatinbased groups. A post hoc test was statistically significant for differences in severe acute hematologic toxicity (grade (10) 172 (53) 110 (34) 3 (1) 46 (14) 200 (63) 65 (20) 3 or 4, 61% in the mitomycin-based group and 42% in the cisplatin-based group; P Ͻ .001). The rate of severe long-term toxic effects was similar in both groups (11% vs 10%).
COMMENT
The initial observations that anal canal carcinoma is highly sensitive to concurrent chemoradiation have led the way to drastic alterations in the treatment paradigm for this disease. The current goal is to avoid colostomy, and surgery has become a salvage or secondary therapy.
A series of trials established that concurrent chemoradiation is better than radiation alone 15, 16 and that the combination of fluorouracil plus mitomycin given concurrently with radiation is superior to fluorouracil given concurrently with radiation, 17 as noted previously. However, the 5-year diseasefree survival rate of approximately 65% has not improved since the early 1990s.
The US Gastrointestinal Intergroup RTOG 98-11 trial was not a pure test of concurrent chemoradiation with fluorouracil-cisplatin vs fluorouracilmitomycin but, rather, was a test of one strategy vs another. The strategy of induction chemotherapy to reduce the bulk of local-regional anal canal carcinoma had an appeal, and preliminary data suggested considerable sensitivity of anal canal carcinoma to the combination of fluorouracil plus cisplatin. The US Gastrointestinal Intergroup RTOG 98-11 trial was not set up to quantify the actual downsizing of the primary tumor or lymph nodes; instead, it was an assumption that would have translated into improved disease-free survival and decreased colostomy rates, a notion incorporated in the global hypothesis. The data on treatment adherence suggest that the lack of difference in disease-free survival was not related to inadequate therapy in either group. These results also reinforce the importance of randomized controlled trials because the prior assumptions about a treatment strategy based on uncontrolled experiences may turn out to be erroneous.
Clearly, the strategy of induction chemotherapy with fluorouracil-cisplatin followed by concurrent chemoradiation with fluorouracil-cisplatin proved ineffective in improving disease-free survival for patients with anal canal carcinoma compared with the prior standard of concurrent chemoradiation with fluorouracil-mitomycin. Cisplatinbased treatment did not reduce either local-regional or distant relapse compared with mitomycin-based treatment and did not improve disease-free or colostomy-free survival as hypothesized. In fact, trends favoring concurrent chemoradiation with fluorouracil and mitomycin over induction and concurrent fluorouracil and cisplatin existed in a number of outcomes analyses (localregional relapse: 3-year rate, 23% vs 31%, and 5-year rate, 25% vs 33%; P=.07; disease-free survival: 3-year rate, 67% vs 61%, and 5-year rate, 60% vs 54%; P=.17; overall survival: 3-year rate, 84% vs 76%, and 5-year rate, 75% vs 70%; P = .10). The better cumulative colostomy rate in the mitomycin-based group was statistically significant (3-year rate, 10% vs 16%, and 5-year rate, 10% vs 19%; P=.02).
There are no clear explanations for the failure of fluorouracil-cisplatin to improve disease-free survival compared with fluorouracil-mitomycin as a component of treatment for patients with anal canal carcinoma. In theory, induction chemotherapy may have resulted in accelerated repopulation and an increase in the number of clonogens at the onset of radiation despite the decrease in overall tumor volume. Alternatively, mitomycin may be a more effective radiosensitizer than cisplatin, especially in hypoxic areas of the tumor. The increase in the rate of cumulative colostomies may have resulted from a combination of these factors or because of other, unknown reasons. The results of the current trial, however, clearly demonstrate the importance of conducting phase 3 trials to test hypotheses that appear to have merit instead of establishing the alternate treatment as an acceptable standard based on single-institution phase 2 trials.
Cisplatin-based treatment resulted in significantly higher cumulative rates of colostomy and should generally be avoided in this patient population as primary therapy. Exceptions include only a clinical trial setting or patients in whom the combination of fluorouracil and mitomycin would not be tolerable.
The question remains how to further improve disease-free and colostomy-free survival relative to the continued standard of concurrent chemoradiation with fluorouracilandmitomycin.Itmaybethat further manipulations with different classes of cytoxic agents are not likely to producebetterresults.Optionstoexplore include targeted agents (eg, results with (23) 25 (8) 11 (3) 53 (17) 58 (19) 17 (6) 11 (4) 
